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ELECTRICITY GENERATION EQUIPMENT 
MANAGEMENT SYSTEM 



BACKGROUND OF THE INVENTION 

The present invention relates to an electricity generation equipment 
management system that efficiently maintains and manages operation of a 
generator unit installed in a region where laying of electricity cable from a public 
electricity company is difficult. The present invention also relates to an electricity 
generation equipment management system that supplies power to a specific 
electricity consumer, allowing for reliable billing and payments of electricity 
supply service fees between the electricity consumer and an electricity provider 
operating the generator unit. 

Electricity generated using nuclear power, thermal power, water power, or 
the like serves a very important role as a source of daily energy. There is also 
widespread use of electrical devices, actuating devices in various machinery, 
information communication devices, and the like that use this electricity as an 
energy source to provide light or heat. 

This type of electricity is generated by power companies, which supply 
electricity consumers, e.g., businesses and standard households, via predetermined 
electrical cables. The electricity consumers pay the power companies a fee based 
on the amount of electricity used. 

However, in places such as farms in large plains or remote islands, the 
laying of electrical cable from the power company involves enormous installation 
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costs. This makes providing electricity to these consumers very difficult in 
practical terms. Electricity consumers in these remote areas can install a generator 
unit, using petroleum as an energy source, to serve as a home generator. 
Alternatively, solar energy, wind energy, or geothermal energy can be used to 
5 generate electricity. 

However, installing home generators involves very high installation costs. 
Furthermore, there are very high operation costs (running costs) for monitoring the 
operation status of a home generator and running the generator in a stable and 
efficient manner while providing adequate maintenance. Thus, the efficient use 
10 of electrical energy is made very difficult. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an electricity generation 
management system which overcomes the foregoing problems. 

It is a further object of the present invention to provide an electricity 
1 5 generation equipment management system that allows power generated from a 

generator unit installed locally to be used in the same manner as power supplied 
from an electric company, even if the laying of electric cable from the electricity 
company is difficult in the region. 

Another object of the present invention is to provide an electricity 
20 generation equipment management system that maintains and manages a generator 

unit installed locally in a region for which laying electrical cable from the 
electricity company is difficult, without placing a burden on the electricity 
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consumer; and that can efficiently handle billing and payments of electricity 
supply service fees charged to the electricity consumer. 

Briefly stated, the present invention provides a generator unit installed 
locally to supply power to an electricity consumer. A management center 
monitors operation status of the generator unit and monitors the amount of 
electricity supplied to the electricity consumer by the generator unit. A service 
company performs maintenance and management for the generator unit based on 
instructions from the management center or the operation status of the generator 
unit. An electricity provider operating the generator unit bills the electricity 
consumer for an electricity supply service fee based on information sent to the 
management center. The resulting electricity generation equipment management 
system maintains and manages a generator unit without placing a burden on an 
electricity consumer, allowing efficient billing and payment of electricity supply 
service fees. 

In order to achieve the objects described above, an electricity generation 
equipment management system according to the present invention includes a 
locally installed generator unit operated by an electricity provider, supplying 
electricity to a specific electricity consumer; and a management center monitoring 
operation status of the generator unit, monitoring an amount of electricity supplied 
to the specific electricity consumer by the generator unit. The electricity provider 
bills an electricity supply service fee to the specific electricity consumer based on 
information received from the management center via a predetermined network 
system, and the electricity consumer pays the service fee. 

In an electricity generation equipment management system according to 
an embodiment the present invention, a service company maintains and manages 



1 




PATENT 4 M1953-41 

W:\USERS\LYMAN\wpdata\Mt953-41 

operation of the generator unit based on instructions from the management center 
or the operation status of the generator unit. 

Thus, in the electricity generation equipment management system 
according to the present invention, a generator unit for supplying electricity to the 
5 electricity consumer is set up in association with the electricity provider instead 

of the electricity consumer. The operation status of the generator unit and the 
amount of electricity supplied to the electricity consumer is monitored by a 
management center via a predetermined communication circuit. A service 
company that maintains and manages the operations of the generator unit receives 

10 maintenance/management instructions from the management center or receives 

information about operation status of the generator unit. Based on this, the service 
company performs maintenance and management operations for the generator 
unit. Apart from the maintenance and management of the generator system 
performed by the service company, the electricity provider bills and receives 

1 5 payment from the electricity consumer for an electricity supply service fee based 

on the amount of power supplied to the electricity consumer or the like. 

The generator unit can be, for example, a fuel cell electricity generation 
device that uses LPG (liquid petroleum fuel), NP (natural gas), or the like as fuel 
to generate electricity. The service company includes a fuel supply company 

20 supplying fuel (LPG or NP) to the fuel cell electricity generation device (fuel cell 

system); and a maintenance/management company performing maintenance on the 
fuel cell electricity generation device and responding to irregularities in the fuel 
cell electricity generation device. 

According to another aspect of the electricity generation equipment' 

25 management system according to the present invention, the generator unit is 
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especially effective when used locally by a specific electricity consumer as a home 
generator system in a region where laying or maintaining electrical cable from a 
public electricity company is difficult, e.g., in a wide plain or a remote island. 

In this case, it would be desirable for the management center to use 
5 wireless communication equipment to collect information from the generator unit 

regarding operation status of the generator unit and regarding an amount of 
electricity supplied to the specific electricity consumer. The electricity provider 
would then use, for example, the Internet for billing and payment of an electricity 
supply service fee for the specific electricity consumer. 

10 Furthermore, according to another aspect of the present invention the 

electricity generation equipment management system includes a locally installed 
fuel cell electricity generating device supplying electricity to a specific electricity 
consumer; a management center monitoring an operation status of the fuel cell 
electricity generating device via a predetermined network; and a service company 

15 maintaining and operating the fuel cell electricity generating device based on 

instructions received from the management center or the operation status of the 
fuel cell electricity generating device. 

The service company includes a database, storing information about 
irregularities issued from the fuel cell electricity generating device in association 

20 with information relating to a service company corresponding to the irregularity 
information; and means for notifying the service company associated with the 
irregularity by looking up the database if an irregularity in the fuel cell electricity 
generating device is detected. Notifications to the service company regarding 
irregularities are provided via e-mail and includes information such as the model 
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type of the fuel cell electricity generating device in which the irregularity occurred, 
the site location (address), the nature of the irregularity, and the like. 

The above, and other objects, features and advantages of the present 
invention will become apparent from the following description read in conjunction 
5 with the accompanying drawings, in which like reference numerals designate the 

same elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic drawing of the overall architecture of an electricity 
generation equipment management system according to an embodiment of the 
1 0 present invention. 

Fig. 2 is a schematic drawing of the architecture of a fuel cell generator, 
which is one example of a generator unit. 

Fig. 3 is a drawing illustrating sample operation status information for a 
generator unit monitored by a management center. 
1 5 Fig. 4 is a drawing illustrating a sample database in a management center 

for managing operations of a generator unit. 

Fig. 5 is a drawing illustrating a sample database, distributed between a 
management center and service companies, for managing information to operate 
generator units. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to the figures, the following is a description of an electricity 
generation equipment management system according to an embodiment of the 
present invention. 

5 Referring to Fig. 1, there is shown the schematic architecture of an 

electricity generation equipment management system according to this 
embodiment. Electricity generation units la, lb are disposed separately and are 
associated with electricity consumers 2a, 2b, e.g., standard households. Electricity 
generation units la, lb supply power to the electricity consumers 2a, 2b 

10 respectively. The electricity generation unit la is installed locally as a home 
electricity generator for a standard household (electricity consumer 2a) located in 
a city area A in an electricity service area to which power from a public power 
company (not shown in the figure) can be provided via power cables. Electricity 
generation unit lb is installed locally as a generator for a standard household 

1 5 (electricity consumer 2b) located in a remote area B, e.g., a remote island or large 

plain for which installation of power cables from a public power company is 
difficult. 

Referring to the schematic architecture shown in Fig. 2, electricity 
generation units la, lb are formed as fuel cell generators (fuel cell systems) in 
20 which LPG (liquid petroleum gas) or NP (natural gas) is used as fuel and an 

electrochemical reaction is performed with the hydrogen in the fuel and oxygen 
in air to generate electricity (power). Briefly, this fuel cell generator is essentially 
formed from a fuel reforming device 1 1 , a carbon monoxide (CO) transformer 1 2, 
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and a fuel cell 13. Also included are a water processor 14, a cooling water tank 
15, and a DC-AC converter (inverter) 16. 

Fuel reforming device 1 1 performs vapor reformation on the LPG or NP 
supplied as fuel to provide a gas having hydrogen as its primary component. More 
specifically, the LPG or the NP is heated using a heat exchanger (not shown in the 
figure) or the like. A water- adding/desulfurizing device (not shown in the figure) 
is used to eliminate sulfur components contained in the gas. Then, the gas is sent 
to fuel reforming device 11 along with water vapor, providing a gas having 
hydogen (H 2 ) as its main component. Then, this hydrogen gas is sent to carbon 
monoxide transformer 12, where the carbon monoxide (CO) contained in the gas 
is converted to carbon dioxide (C0 2 ). The hydrogen gas processed in this manner 
is then sent to the fuel electrode of fuel cell 13 while air is sent to the air electrode 
of fuel cell 13 simultaneously. The oxygen in this air and the hydrogen in the 
hydrogen gas forms an electrochemical reaction that generates electricity (direct 
current electricity). 

Hydrogen is consumed in fuel cell 13 in the by the electrochemical 
reaction (e.g., 80%), and the remaining hydrogen is discharged along with the 
carbon dioxide as an unreacted gas. This unreacted gas is returned to fuel 
reforming device 1 1 to serve as a heat source. 

The cooling device built into fuel cell 13 cools fuel cell 13 by introducing 
cooling water from cooling tank 15. The cooling water that is heated by fuel cell 
13 then returns to cooling tank 1 5 by way of the heat exchanger (not shown in the 
figure), thus allowing it to be used for both heating the hydrogen gas and cooling 
the heated water. Water processor 14, described above, supplies water to cooling 
tank 1 5 and serves as a water source for providing the water vapor sent to fuel 
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reforming device 1 1 . Water processor 14 does this by, for example, purifying tap 
water or well water. 

The direct current electricity (DC) generated by fuel cell 13 is converted 
using DC- AC converter 16 formed from an inverter to provide an alternating 
current (AC) at a predetermined frequency and voltage. This is sent out as the 
generated output to electricity consumers 2a, 2b. 

Fuel cell generators formed in this manner may be equipped with a backup 
power supply 17 that includes a secondary battery. Backup power supply 17 
stores electrical energy by being charged by the output from fuel cell 13. If there 
is an irregularity in fuel cell 13, or if there is a sudden increase in power 
consumption that cannot be met by the output, electrical energy from backup 
power supply 17 is sent to DC- AC converter 16 in place of fuel cell 13. This 
provides output of AC power for a predetermined length of time. This type of 
backup power supply 1 7 provides backup over a predetermined period in case of 
a failure due to a irregularity in the fuel cell generator or due to a spike in power 
consumption, thus guaranteeing a stable supply of power to electricity consumers 
2a, 2b. 

Referring back to Fig. 1 , characteristic features of a generator equipment 
management system will be described. A management center 3 is disposed in the 
city area A to monitor the operations of generator units la, lb, and to monitor the 
power supplied to electricity consumers 2a, 2b from generator units la, lb. 

City area A is also generally equipped with an electricity provider 4 
operating generator units la, lb, and service companies, providing maintenance 
and management for generator units la, lb. These service companies can include 
fuel supply companies 5a, 5b supplying fuel by delivering fuel containers (tanks) 
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filled to a predetermined pressure to the sites of generator units (fuel cell 
generators) la, lb. These service companies can also include maintenance 
management companies 6a, 6b, providing maintenance operations such as going 
to the sites of generator units (fuel cell generators) la, lb when there is an 
irregularity in a fuel cell generator and re-filling or replacing consumables in the 
fuel cell generators. 

Management center 3 provides unified management over a predetermined 
management network system BNS by providing information communication 
between generator units la, lb, electricity provider 4, fuel supply companies 5a, 
5b, and maintenance/management firms 6a, 6b. Establishing a direct information 
communication link between generator unit lb and management network system 
BNS is difficult since generator unit lb is installed in remote area B, where even 
the laying of power cables is difficult. Thus, information communication is 
provided, for example, using a communication base station BS connected to 
management network system BNS via a communication satellite CS. 

Management center 3 is entrusted by electricity provider 4 to provide 
operation management over generator units la, lb. This operations management 
is performed in the following manner. To provide a first feature, management 
center 3 collects, via management network system BNS, information regarding the 
operation status of generator units la, lb, described later; and information 
regarding the amount of power supplied to power consumers 2a, 2b. Then, the 
information collected from generator units la, lb is organized by generator unit 
and stored, thus allowing the activity status of generator units la, lb to be 
monitored individually. 
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To provide a second feature, management center 3 reports to electricity 
provider 4, via management network system BNS, regarding the amount of power 
used by electricity consumers 2a, 2b, i.e., the amount of power supplied 
individually by generator units la, lb. Furthermore, to provide a third feature, 
management center 3 uses management network system BNS to instruct fuel 
supply companies 5a, 5b to provide fuel to generator units la, lb. Furthermore, 
to provide a fourth feature, management center 3 instructs maintenance/ 
management companies 6a, 6b to respond to irregularities in generator units la, 
lb and to re-fill/replace consumables and the like. 

The collection of information from generator units 1 a, 1 b according to the 
first feature described above will be described in more detail. 

Referring to Fig. 3, if generator units la, lb are formed as fuel cell 
generators as described above, generator units la, lb are equipped with sensing 
features. The sensing mechanism is equipped with a status detector 1 8 that detects 
the remaining fuel (LPG or NP) supplied in the fuel tanks described above. Status 
detector 18 also detects gas leaks in the fuel gas supply system between fuel 
reforming device 11 and fuel cell 13. Status detector 18 also detects the 
concentration of hydrogen in the hydrogen gas output from fuel reforming device 
1 1 ; the concentration of carbon monoxide in the hydrogen gas from carbon 
monoxide (CO) transformer 1 2; the output voltage (DC voltage) from fuel cell 1 3 ; 
and output voltage (AC voltage) from AC-DC converter 16. Furthermore, status 
detector 1 8 also detects the charge in backup power supply 1 7; information about 
the water quality and the like of the processed water from water processor 14; and 
the amount of power supplied to power consumers 2a, 2b from the fuel cell 
generator devices. 
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The information detected by status detector 18, along with ID information 
assigned to the corresponding generator unit, is sent to management center 3 via 
a communication device 19 at regular intervals, e.g., once a day. For generator 
unit lb, installed in the remote area B, information is sent to management center 
i 3 via communication satellite CS as described above. Of course, it would also be 

possible to have management center 3 access communication device 19, which 
would then send the detection information collected up to that point or the 
detection information for the time of access. 

Management center 3 receives detection information relating to activity 
$1 10 status from generator units la, lb in this manner. 

ru 

I « Referring to Fig. 4, management center 3 is equipped with a database DB 



Q 
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that manages device specifications x for generator units la, lb; maintenance 
information y; and information z regarding the service companies performing 
maintenance/management operations; and the like. Management center 3 uses this 



1 5 database DB to provided unified management over the information collected from 

sal 

|«? generator units la, lb as described above. Furthermore, by looking up the 

database DB information, management center 3 determines where to report the 
detected information regarding the activity status of generator units la, lb 
collected as described above. This information is sent to the corresponding 

20 department (service company). 

More specifically, management center 3 may, for example, notify the 
amount of power supplied to power consumers 2a, 2b to electricity provider 4 on 
a monthly basis. Also, management center 3 informs fuel supply companies 5a, 
5b about the remaining fuel in generator units (fuel cell generators) la, lb, and 

25 instructs them to provide re-fills. Furthermore, management device 3 sends 
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information to maintenance/management companies 6a, 6b, e.g., information 
about problems or irregularities in generator units (fuel cell generators) la, lb as 
determined by analysis of the activity information described above, and instructs 
them to provide maintenance operations, e.g., respond to the problems. 
5 It is also possible to have the activity information itself (the raw data) sent 

from management center 3 to maintenance/management companies 6a, 6b, and to 
instruct maintenance/management companies 6a, 6b to perform analysis and 
provide maintenance based on the analysis. 

Referring to Fig. 5, management center 3 prepares a set of relational 

10 databases. A database DB1 contains machine specifications x and information 

destinations z. Database DB2 contains maintenance contents y for the individual 
generator units (fuel cell generator) la, lb handled by maintenance/management 
companies 6a, 6b. This allows management information to be distributed between 
multiple databases DB1, DB2. 

1 5 Fuel supply companies 5a, 5b then respond to the fuel supply instructions 

from management center 3 and supply fuel (LPG or NP), i.e., deliver fuel tanks, 
to their respective generator units (fuel cell generators) la, lb. Based on 
maintenance instructions or information about irregularities received from 
management center 3, maintenance/management companies 6a, 6b go on-site and 

20 provide maintenance to their respective generator units (fuel cell generators) la, 
lb. More specifically, failed or defective sections in the fuel cell generators are 
repaired or replaced and consumables are replaced or re-filled. 

In response to information from management center 3 regarding the 
amount of power supplied, electricity provider 4 bills electricity consumers 2a, 2b 

25 for electricity supply services. The electricity supply service fees vary according 
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to the provider contract. For example, a set electricity fee is associated with the 
amount of electricity supplied. Additional charges may optionally be applied for 
fuel supplied to the fuel cell generators and for consumables. In fixed-rate 
contracts, a fixed rate is charged up to a predetermined amount of power described 
in the contract, and additional power used is charged with an additional fee. 
Essentially, the electricity supply service fee is charged according to the provider 
contract, based on the amount of power used by electricity consumers 2a, 2b, the 
operating costs of the fuel cell generators, and the like. Accounting operations are 
carried out by receiving the electricity supply service fees from electricity 
consumers 2a, 2b. 

The billing and payment of these electricity supply service fees can be 
performed through the mailing of bills and the depositing of the fees. However, 
it is also possible to use the Internet INT as shown in Fig. 1 . In this case, a virtual 
financial institution BK in the Internet INT is used to provide transactions with 
electronic money information. The use of this type of transaction format 
simplifies billing and payment of electricity supply service fees, especially for 
power consumer 2b in remote area B. In this case, power consumer 2b connects 
to the Internet INT via communication satellite CS or a wireless station RS. 

With the generator equipment management system described above, 
electricity is supplied using locally installed generator units la, lb for electricity 
consumers 2a, 2b. This allows generator units la, lb to be used efficiently as 
home generators. In particular, in remote area B, where laying of electricity cables 
is difficult, power is supplied relatively inexpensively and easily from generator 
unit lb installed for electricity consumer 2b. 
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The operation status of generator units la, lb are monitored by 
management center 3, and, when necessary, instructions are sent to fuel supply 
companies 5a, 5b and maintenance/management companies 6a, 6b to supply fuel 
(LPG or NP) or provide maintenance for generator units la, lb. As a result, 
5 generator units la, lb easily provide stable and efficient operations. Electricity 

accounting operations between electricity consumers 2a, 2b and electricity 
providers 6, involving the billing and payment for the amount of electricity 
% supplied (amount of electricity used), are performed separately from the 

;*t* management operations of generator units la, lb described above. Thus, 

i;R 10 management center 3 is used by electricity provider 6 in an effective way to 

j \\ operate generator units la, lb. 

The present invention i s no t restricted to the embodiment described above . 
|«i For example, generator units 1 a, 1 b can generate electricity using micro-generator 

'£[ turbines fueled by petroleum, solar power, wind power, geothermal power, or the 

| jf 15 like. In these cases, it is necessary to provide adequate consideration of how the 

power supply will be backed up if these natural energy sources are interrupted. 
In particular, there will be a need to back up the power supply over long intervals, 
so the power capacity (charge capacity) of backup power supply 17 must be 
sufficiently large. 

20 Maintenance operations for generator units la, lb do not have to all be 

handled by service companies. Simple operations that can be performed by 
electricity consumers 2a, 2b may be dealt with by sending maintenance 
information and instructions to electricity consumers 2a, 2b from management 
center 3, e.g., via the Internet INT. Furthermore, maintenance operations for 

25 generator units 1 a, 1 b can be carried by the maintenance management companies 
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6a, 6b at fixed intervals, while irregularities, such as gas leaks, are dealt with when 
they occur. Other changes can be implemented as well as long as they do not 
depart from the spirit of the present invention. 

With the present invention as described above, electricity is supplied in a 
stable manner from a generator unit installed for an electricity consumer, even if 
laying of electricity cables from a public power company is difficult. Furthermore, 
the operation status of the generator unit is monitored by a management center. 
Based on this monitoring, instructions are sent to service companies to provide 
maintenance operations for the generator unit, e.g., supplying fuel and performing 
maintenance inspections. This allows the generator unit to be operated in an 
efficient manner. Furthermore, accounting operations for electricity supply 
service fees are performed between the electricity provider operating the generator 
unit and the electricity company. These accounting operations are performed 
separate from the operations/maintenance tasks for the generator unit. Thus, the 
electricity provider can conduct business in a reliable manner. 

Having described preferred embodiments of the invention with reference 
to the accompanying drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various changes and modifications 
may be effected therein by one skilled in the art without departing from the scope 
or spirit of the invention as defined in the appended claims. 



